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PimiPffiD $CYTAUDIUM lACCASES Am mOMC AWS ENCODING SAME 



The present inventiicn relates to isolated nucisic acio 
fragments encoding a fungal o:<idoreduct.ase ensyme and the 
10 purified enzymes produced tfeeraby. More particular ly,, the 
invention reiaces to nucleic acid fragssencs encoding a 
phenol oxidase, specifically a laccase, of a thermophilic 
fungus, Scycalidium, 

Laccases {bensenedioi ;o>^'gan oxidoreduccases) are 
janlti -copper containing enzymes tbat cataly:se chs oxidation 
of plienolics. Laccase-Riediatad oxidations result in tfae 
production of arj^lozy -radical intermediates from suitable 

20 phenolic substrate; the ultimate coupling of the 

intensediates so produced provides a combd nation of aimer ic, 
oligomaric, ■ and polymeric reaction products. Such reactions 
are important in nature in biosynthstic pathways which lead 
to Che formation of raelania, alkaloids, toxins, lignins, aiid 

2S huffiic acids. Laccases are produced by a wide variety of 
fungi, including ascoiwcetes such as Aspergillus, 
murospora, and Fodospora, tha deuterorE^-cete Socsn-'ciff, and 
basidiomycetes such as Ccl2ybi&, Fames, I-entinus,. Pieisrotua, 
Tram&tes, and perfect forms of Biilzocconia. Laccase 

30 exhibits a wide range of substrata specificity, and each 

different fungal laccase usually differs only g^aantitatiyely 
from others in its ability to oxidiae phenolic substi-ates. 
Because of the substrate diversity, laccases generally have, 
found many potential industrial applications. Among these 
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are lignin modification, paper strengthening, dye transfer 
inhibition in detergents, phenol polymerisation, juice 
manufiscttire, phenol resin, pradiiction, axid waste water 
treatment , 

s Although the catalytic capabilities are similar, 

laccases niatle by different fungal specias do have different 
temperature and pH optima, and tliese may also diffar 
depeBding on the specific substrate. A nuimser of these 
fungal laccases have been isolated, ami the genes for 
10 several of these have been cloneci. For exaEipie, Choi et 
al. (Moi. Plant-Microbe interactions 5; X19-128, 1992) 
describe the molecular characterization and cloning of the 
gene encoding the laccase of the chestnut blight fungiis, 
Czypkonect:ria parasitica . Kojima et al. (J, Biol, Chem, 
liS: 15224-15230, 1990; JP 2~23S885} provide a description 
of tA'o allelic forms of the laccase oi: the white-rot 
basidiomycete Coriolus bixsntus. Germann and Larch 
(EJCperient-ia H: 801,1985; PN&S USA M: 8854-8858, 1S86I 
have reported the cloning and partial sequencing of the 
20 Ne'arQSpor& crassa laccase gene. Saloheimo et al.{J, Gen. 
Microbiol. 137 r 1537-1544, ISSSj WO 92/010465 have 
disclosed a structural analysis of the laccase gene from the 
fungns PMeMa radiata. 

Attempts to express laccase genes in heterologous 
2S fungal systems freo^ae-atly give very low yields (Kojima et 
al., supra; Saloheimo et ai,* Eio/Technol. 1: 987-990. 
1991) . For example, heterologous exprsssion of. .PhleMa 
radiata laccase in Trichoderma reesel gave only 20 per 
liter of acti'v'-e enzyme (Saloheimo, 1991, supra), .ftlthoush 
30 laccases have great comaercial potential, the ability to 
e^Jipress the ensyifie in significant quantities is critical to 
their commercial utility. .At the present time there aare no 
laccases which are e^g^ressed at high levels in coimsercialiy 
utilised hosts such as Aspergillus. Thus, the need exists 



tor a laccase which can be produced in coiamercially useful 
U.e*, gram per liter or motre} auantifcies. The present 
invention fulfills such a need. 

The present invention relates to a DMA construct 
containisig a nucleic acid sec^ience encodiag a Scs^'ftalidius; 
laccase. The invention also relates to an isolated laccase 
. encoded toy the nucleic acid sequenoe. Preierafcdy. the 

10 laccase is substancially pure, Bi'' "sufc-stantiaily pure" is 
meant a laccase v/hieh is essentially (i.e., £90%; free of 
other non-laccase proteins. 

in order to facilitate production of the novel laccase,, 
fch.e invention also provides vectors and hose cells 

IS comprising the claimed nucleic acid fragment, which vectors 
and host cells are useful in recombinant production of the 
laccase. The nucleic acid fragment is operably linked to 
transcription and translation signals capable of direoting 
expression of the laccase protein in the host cell of 

20 choice, A preferred host cell is a fungal cell, most 

prsferably of the genus ABpergillus:. Recofflhinant product ioix 
of the laccase of the invention is achieved by cuituring a 
host cell transformed or cransfected v.dth the nucleic acid 
fragment of the invention, or progeny thereof, under 

as conditions suitable for expression of the laccase protein, 
and i-ecoverin0 the laccase protein from the culture, 

I'he laccases of the present Invention ai"e useful in a 
number of industrial processes in which oxidation of 
phenoiics is recjuired. These procesaes include lignin 

30 manipulation, juice manufacture, phenol polymerisation and 
phenol resin production. 

mr-t f f DescriPt4.o.n,..af the Fig u res 
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Figure 1 illustrates the nucleotide iSEQ ID KO: 1; and 
afTiino acid (SEQ ID NO: 2 5 segisence of Scyt&lidiim 
tbex-mophila laccase. Letters wlthoiit corresponding amino 
acids in the nxicleotide segijence indicate the position of 
s introns , 

Figure 2 illustrates the construction of piasmid 
pSfeTfelS . 

Figure 3 iiliistrates the restriction map of a Xaol 
insert in pShTh6 which contains the s. thermophilxm 

10 laccase( lcc5] gene. The a-pproximate position of the iccS 
coding region is indicated by a solid black line, 

Figure 4 illustrates the pH profiles of the laccase 
activity with syringaldazins (squares) and 2,2" aainobisCS- 
ethylbenKOthi&zoiine-B-gulSonic acid) (circles) as substrate, 

IS E'igure 5 illustrates the thermostability in B&R buffers 

of the laccase at pH 2.7, 6.1. and 9.0, Preincubation times 
are 1 hour. Activities are assayed by ABfS oxidation at 
20 'C in B&E buffer, pH 4.1. 

20 laetaiLsa se,g£rip,£:i: qh. tli:a...is:y:^n.t ion 

Scytalidium thermophilusn is a thermophilic 
deuteromycete, and a member of the forzfia-Hojsicoia ooir<piex 
which are recognized as dominant species in mushroos? 
conspost- Other members of the complex include Hiimicala 

25 grisea Traaen var. chermoidm Cooney & Emerson, sr. insol&ns 
Cooney & Esnerson, and Torula th&rmophxla Cooney & Emerson, 
the latter of which has baen reassigned to S'cycalidiujs 
thermGphUum by Austwick (S.Z. J. Agric. Res. !£; 25-33, 
1976). Straatsma and Samson {%'coi. Res. H; 321-328, 1993) 

30 have recently deterudned that both grisea '■^ar. t.hermoideB 
and H. insclens should be considered as examples of the 
species Scytalidium thermophilum as wsil. S. indcnesiacuis 
{Hedger et al,. Trans. Brit Mycol.Soc. 2S: .366-366., 1982) 
may also be .synoniirious with S> chermopbilum. Members of the 
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compl&>: are known to be producers of thermostable cellulase 
and S-giucosidase enzymes i Rao anct Murthy, ind. J, Biochera. 
Biophys. 25: 6 87 ■■■6$ 4, 1988? Hayashiaa and Yoshioka, A-gric. 
Biol. Chem, M: 1721-1728 . 1980) . However, there have been 
5 BO previous reports of the production of a laccase by 

Scytalidium, or any of the noted synonymous spacias . It has 
now been determined that not only does Scyt&lidium pro«5uce a 
iaccase, but the gene encoding this laccase can be usad to 
produce large yields of the enr/me in convenient host 

10 systems such as Aspergillus . 

To identify the presence of a laccase gene in 
Sayta.lidium> a 5' portion of the murospora crASsa laccase 
gene {IccD is used as a probe, under conditions of miM 
stringency, in southern hybridization of total genomic DMA 

.IS of different fungal species. Mi approximately 3 kb iaocase 
specific sequence is detected in the Scytalidium DMA, The 
J«r, cx-assa fragraent is then used to screen about 12,000 

plaques or an S, chermophilum genomic DNA library' in a X 

miBhi bacteriophage cloning vector. Mine plaques strongly 
20 hybridise with the probe,* frorn these nine, DKA is isolated 
from four. Each of these clonas contains a 3kb bsmkz 
fragtaent corresponding to the one initially identified in 
the southern blot of genomic mm. One of the fragments is 
subcloned into a pBiuescript vector; however. Dm seguencing 
as shovrs only a portion of the gene to be on this fragnsent, A 
Skb fragment Xhoi fragment from the saste phage contains the 
whole ices' gene, and this is then subcloned into pBiuescript 
to derive plasmid pShThS. A restriction map of the 6 kb 
insert is shown in figure 3. 
30 Once the sequence is detersiined, the positions of 

introns and exons wifcbin the gene is assigned based on 
alignment of the deduced amino acid seguence to the 
corresponding N. crassa laccase gena product. From this 
coaparison, it appears thac the gene ilccS'} of S. 
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thermophilmn is composed of seven exoiiS{243, 91, 7C\, 1054 
arid 390 nucleotides) punctuated by four small introns (63, 
58, 55 and 65 nucleotides) . The coding region, excluding 
intervening sequences is very csc-x'ich (60 , 8% G+C) a&a encodes 
5 a praproexizyme of 616 aoaino acids: a 21 amino acid signal 
peptide and a 24 amino acid propepcide. The seciiience of th« 
S, thBrmophilum gene and the predicted amino acid saqiisrica 
is show in Figure 1 (SEQ ID HOS: I and 2) 

The laccase gens is then used to create an expressicu 

10 vector for transformation of Aspergillus hose cells . The 
vector, pShThlS contains the A. oryzae -TMlA-ajTiyiase promoter 
and the A. rsiger glaA terminator regions. The construct ion 
of pshThlS is outlined in Figure 2. Asp&rg-xllus cells are 
cotrans formed with the expression vector and a plassiid 

15 containing the pyrG or amds selectable marher. 

Trans £orniants are selected on the appropriate selective 
medi^ua containing AETS. Laccase-producing colonies exhibit a 
green halo and are readily isolatahle- Selected 
trans formants are gro^<m up in shake flasks and culture 

20 broths tested for laccase activity by the syringaldasine 
ffisthod. Shake flask cultures are capable of producing SO or 
more mg/ liter of laccase,- and in fermentors, yields os over 
1*6 g/liter are obsen,^ed. 

According to the invention, a Scytalidimn gene 

25 encoding a laccase can be obtained toy methods described 
above, or any alternative methods ki>0'v<jn in the art, using 
the information provided herein. The gene can be expressed, 
in active fors, using an ©jspression \'ector, A useftil 
expression vector contains an element that permits stable 

30 integration of the \»-ector into the host ceil vgenome or 
autonomous replication of the vector in a host cell 
independent of the genome of the host cell, and preferably 
one or more phenotypic markers which permit easy selection 
of transformed host cells. The expression vector may also 
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include control sequences encosaing a promocer, ribososis 
binding site, translation initiation signal, and, 
optionally < a repressor gene or various activator genes. To 
permit the secretion of the expressed protein, nucleotides 
5 encoding a signal sequence. may be inserted prior to the 
ceding sequence of the gene. For e>:;pression under the 
direction of control gei^p-iences , a laecase gene to be iised 
according to the invention is operably linked to the 
control sequences in the proper reading frame. Promoter 

10 segueaces that can foe incojrp'Orated into plasmid vectors, and 
which can direct the transcription o£ the laecase gene, 
include but are not limited to the prokaryotic S- lactamase 
promoter {Villa-Kamarof f . et &i., 1S78, Proc. Natl. Acad, 
sci. U.S.A. IS :3 727 -3 731) and the tac proittocer (DsBoer, et 

15 1983, Proc, Katl. Acad. Sci, U.S.A. M;21-25) . Further 

references can also foe found in "Dserul proteins from 
recombinanc bacteria* in Scientific American, 1980, 242:74- 
.94; and in Sambrook et al.. Molecular Cloning, IS 89. 

The expression vector cariri''irig the DHA construct of the 

20 invention may be any vector which may conveniently be 

subjected to recoiebinant PMA procedures, and the choice of 
vector will typically depend on the host cell into which it 
is to be introduced. Thus, the vector may be an autonomously 
replicating vector, i.e. a -vector which exists as an 

2S extractiromosomal entity, the replication of xv-hich is 

independent of chromosomal replication, e.g. a plasmid, or 
an extrachro2iosoir.al element, iKinichromosome or an artificial 
chroffiosoise . Alternatively, the vector may be one which, when 
introduced into a host cell, is integrated into the host 

3e cell genome and replicated together with the chromosome v g ) 
into which it has been integrated. 

In the vector, the DMA seguence should be operably 
connected to a suitable prosioter sequence. The promoter may 
be any DKA sequence which shows transcriptioxial activity in 
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the host ceil of choice and may be derived fro» genes 
sncoding proteins either homologous or heterologous to the 
host cell. Examples of suitable promoters for directing the 
transcription of the DJ^A constriict of the inyencion, 
5 especially in a bacterial host, are the promoter of the lac 
opsron of B.ooii, the Sfcrepfco/iyj/ces coelicoior agarass gene 

dagA promoters, the promoters of the Bacillus licheni. forms 
a-anr/iase gene {asjyL.) , the promoters of the Sacilius 
BteBTOthermophilus maltogenic aifsi'-lase gene {aiJjyM) the 
xo promoters of the Bacillus awloligisefaciei^s a-amylass 

(aajyQ) , or the promoters of the B&cilltw subtilis xyiA and 
Kj'lB genes. In a yeast host, a useful promoter is the e»o~X 
promoter . For transcription in a fungal host, exas'spxes of 
ussful pro-noters are those derived from the gene encoding 
15 orysae TAty^ amylase, Ehizomucor miekei aspartlc proteirsase, 

A, Kiff&r neutral a-a-siyiase, a. niger acid stable a~amylas«, 

A. niger or A. awamori glucoamylase (glaA), Mbizomucor 
siiekei lipase, A. oxyz&e alkaline protease, ii, oryzse triose 
phosphate isomerase or />. nidulans acetamidase. Preferred 
20 are the TJvKA-amyXase and glaA promoters. 

The e.xpresgion vector of the invention may also 
cojfiprise a suitable transcription terminator and, in 
eukasryotes, polyadenyiation sequences operafoly connected to 

2S the DMA sequence encoding the laccase of the invention. 
Termination and polyadenylation sequences may suitably be 
derived from the same sources as the promoter .The vector roay 
further comprise a Dm sequence enabling the vector to 
replicate in the host cell in question. Examples of such 

30 segiaences are the origins of replication of plasmids piJClS, 
PACYC177, ptIBllO, pS194, pAJIBl cUld pIJ702 . 
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The- vector may also comprise a selectable markeir, e . g, 
a gexiB the product of which complea^ents a defect in the host 
cell, such as the dai genes from B,subtilis or B,Xi~ 
cheniiormiB, or one \^b,ich confers antibiotic z~esistanc6 stich 
S as aropicillin, kanamycin, chloramphenicol or tetracycline 
resistance, EJtamples of Aspergrxlius selection markers 
include aisdS,- pyrQ^ argB, xiiaD^ sC, and hycjB a Kiarker giving 
rise to bygromycin resistance. Preferred for use in an 
Aspergillus host cell are the aisds and pyrG markers of A, 
t(i xiidulaiiB or A, orj^zae. A fregusntiy used Hiamffislisn isarker is 
the dlbydrofolate reductase (DHFR) gene. Furtfeeraore, 
selection may foe accomplished by co-transformatiors, e,g, as 
described in WO 91/17243, 

15 It is generally preferred that the expression gives 

rise to a product that is extracsiluiar , The laccases of the 
present invention msy thus comprise a prersgion permitting 
secretion of the expressed protein into the culture ssediuKi, 
If desirable, this preregion may be native to the iaccase of 

20 Che invention or substituted with a different preregion or 
signal seqxience, corivesiently accomplished by substitution 
of the DMA seguencss encoding the respective preregions. 
For example, the preregion may be derived from a 
glucoaaiylase or an amylase gene froxn an Aspergillus species, 

2S an amylase gene from a Bacillus species, a lipase or 

proteinase gene from Rhizomucor mi.ehei, the gene for the a- 

factor from SaacharQmycBS cer&viaiae or the calf 
preprochymosin gene. Particularly preferred, when the host 
is a fungal cell, is the preregion for A, oryzae TmA 
30 amylase, a. niger neutral aiayiase, the maltogenic amylase 
form Bmcillus MCIE 11837, B. stearothermophilus a~&^a&s&, 

or Bacillus licheniformis subtiiisin, an effective signal 
sequence is the A, orysae TAKA amylase signal, the 
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Mhizcmucor mi&hei aspartic proteinase signal and ths 
Shizomcor miehei lipase signal. 

The procedures used to ligats the dha construct of the 
invention, the promoter, terminator and other eleEients, 
5 respectively, and to insert them into suitable vectors 
containing the information necessary for replication, are 
weli known to parsons skilled in the art (cf . , for instance, 
Samhrook et al. Molecular Cloning, 1989). 

10 The cell of the invention either comprising a DHA 

construct or an expression vector of the invention as 
defined above is advantageously used as a host ceil in tha 
r-ecombinant production of a ensyme of the invention. The 
cell nay be transformed with the DHA construct of the 

15 invention, corA'-eniently by integrating the DICA construct in 
ths host chromosome. This integration is generaliy con- 
sidered to be an advantage as the DMA seauence is jsore 
likely to be stably m.ain!:ained in the cell, integration of 
the DHA constructs into the host chromosoifie may be perfos'med 

20 according to conventional methods, e.g. by hoKiolcgous or 
heterologous r ecombixiation , Alternatively, the cell may be 
transformed with- an expression vector as described above in 
connection with the different types or host cells, 

2S The host ceil may be selected from prokaiyotic c-sils, 

s\ich as bacteriai cells. Examples of suitable bacteria are 
gram positive bacteria such as Saciliu&' subtiliB> Sacillo,s 
licbBnifomis, Bacillus lentus, Bscillus brevis, BaailluB 
stearothermopMluB, Bacillus alkalophilus, Bacillus 

Si) amylaliqiisfaciexis, BacilluB coagulans, BAcllluB circulans. 
Bacillus lautus. Bacillus /Jiegateriii.'fi, Sacillu.^; 
t/jaringienais, or ScreptOiByces Ilvldaas or S'er©ptOi!?ycss 
isurinus, or gram negative bacteria such as E.coli, The 
transformation of the bacteria may for instance be effected 
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by protoplast transformation or by using competent cells in 
a BanBer teown .per se. 

The host cell may also be a ©ukaryote, such as 
maiamalian cells, insect cells, plant cells or pr^^ferably 
5 fungal cells, inclwding yeast and filamentous faingi- For 
eicaaple, useful majTjttalxan cells include cho or COS cells > A 
yeast host cell laay be selected fros? a species of 
SacchBrainyaes or SchizoBaccharomyces! e.g. 5aceijaz^os|;/ces 
cerevislae. Oseful filamentous f^angi may selscted froij; a 
10 species of Aspergillus ^ e.g. Aspergillus orysae or 

Aspergillus niger. Alternatively, a strain of a Fmarium 
species , e.g. F. orysporum, can be used as a host cell. 
Fungal cells may be cransfonaed by a process involving proto- 
plast fortTsation and transformation of the prctopiasts foi- 
ls lowed by regeneration of the cell ^v'all in a manner known per 
se. A suitable procedure for transformation of Aspergillus 
host cells is described in EP 238 023, a suitable rasthcd of 
transfoming Fusarium species is described by l!.£alardier et 
al., 1989. 

20 The present invention thus px'ovides a method of 

prod:ucing a recoinbinant laccase of the invention,, which 
method comprises cultivating a host cell as described above 
under conditions conducive to the production of the ensyme 
and recovering the ensyme from the cells and/or culture 

25 mediuia. The meditim used to cultivate the cells may be any 
conventional medium suitable for growing the host cell iii 
question and obtaining expression of the laccase of the 
invention. Suitable media are available from commercial 
suppliers or may be prepared according to published formulae 

30 {e.g. in catalogues of the American Type. Culture 
eollection) . 

The resulting enzyme may be recovered from the medium 
by conventional procedures including separating the cells 
from the medium by centrifugation or filtration, precipitat- 
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ing the protsinaceous components of the sispernataat oi" fil- 
tt&te by means of a salt, e.g. astmonium sulphate, followed 
by purification Jjy a variety of chrojcatographic procedures, 
e.g. ion exchange chromatography, gel filtration 
5 chromatcgrsphy, affinity chromatography, or the like. 
Preferably, the isolated protein is about 90% pure as 
determined tf/ SDS-PAGE, purity being most important in food, 
juice or detergent applications. 

In a particularly preferred embodiment, the expression 
10 of Xaccase is achieved in a fungal host cell, such as 
Aspergillus. As described in detail in the following 
examples, the laccase gene is ligated into a piasmid 
containing the Aspez-gilluB oryzae TAKA a-^amylase promoter, 

and the A&pergillus nidulans amdS selectable marker. 

15 Alternatively, the amdS may be on a separate plasmid axjd 
used in co- transformation. The plasmid (or piasmids) is 
used to transform an Aspergillus species host ceil, such as 
A, oryzm or A, nlger in aocordance with methods describod 
in Yeiton et al. (PKAS USA 81; 1470-1474,1984}. 

20 Those skilled in the art will recognise that the 

invention is not limited to use of the nucleic acid 
fragments specifically disclosed herein, for sxajsple, in 
Figure 1. It will also be apparent that the invention 
encoiapasses those nucleotide sequences that encode the sasse 

25 amino acid se«-uences as depicted in Figure 1, but which 

differ from those specifically depicted nucleotide seg^iences 
by virtue of the degeneracy of the genetic code. Also, 
reference to Figure 1, in the specification and the claims 
will be understood to encompass both the genomic setjuence 

30 depicted therein as v/ell as the correspondiiig cDMA and rma 
sequences, and the phrases "DKA construct" and "nucleic acid 
sequences" as used herein will be understood to encompass 
all such variations. "DMA construct" shall generally be 
understood to mean a DNA molecule, either single- or double- 
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straiided, whicli may be isolated in partial form from a 
natAiraily occurring gene or which has bsen modified to 
contain segments of DHA vv^hich are costibiaed and juxtaposed in 
a maimer which would not otherwise exist in. nature, 
s In addition, the invention also encompasses other 

Scytalxdiusi Xaccasas, including alternate forirss of iaccase 
which may be found in £. thermaphiltm) and as well as 
laccases which -may be found in other fungi which are 
synonyms or fall within the definition of Scytaliditm 

10 thermopbilms as defined toy straatsma and Samson, 1993, 

supra. These include $, indottesiacuxc,, Torula thermoptil&, 
Bumicola brevis var. th&rmoxdea, Humicala brevispora, H, 
grisea var. tiseriaoidea, Hmncola insol&ns, and Humicola 
lanuginosa (also smomi as Thermomycm I&nuginosus] , The 

15 invention also provides the means for isolation of laocase 
genes from other species of Scytalidium, such as S. 
Bcidophilum, s, albvm, s. atimnti&c^mf S, circin&tumt S, 
flaveobrutmeum, $, by&linim, S. lignicola, and 5, 
ux-edimcolum, idantif icacion and isolation of laccasa genes 

20 from sources other than those specifically exemplified 
herein can be achieved by utilisation of the fflethodology 
described in the present sicamples, with publicly available 
Scytalidium strains. Alternately, the sequence disclosed 
herein can be used to design primers and/ or probes useful in 

25 isolating lactase genes by standard PCR or southern 

hybridization techniques, \ising the saise publicly available 
strains. Examples of such publicly available strains 
include, from the American Type Culture Collection, atcc 
16463, 28085, 36346, 48409, 66538(5. theraopMlusj) 245SS {Si 

30 acldo^hilum] ; 16615 {£, album}; 22477 {S, aurantiacixm) r 
66463 (S. cxrcinatLim} ; 13212 {.?. flaxro-bnxnneum) ; 52297 (S', 
fulvim) ; 38906 (5. byallmm) ; 46858 55. indonesiacum) ; 
18984 CS". indonmiacm) t 32382 {£", uredinaolum) ; from the 
International lifcological institute (S«X; United Kingdom), 
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IMI 243 118 {S, therniophilum) t from Centraalbureaii voor 
Schi«meXcuitures(CBS? Netherlands) CBS 183,81, g71,S8(S, 
thermophi 1 urn ) 3 6 7 , 7 2 ( &' . aci doph i 1 vm } ; 3 7 2 . 6 5 ( S . 
album) ; 37 i. 65 IS. auranti&cum) r654.89(S, circinatim) ;244 . 59 
s IS. flaTO-XJruiirjeii^B) ; 145 .78 (S. ftyaliziui^i) ; 259 . 81(5. 

irJdojaesiacuffi) ; 233 . 57 {S. lignicola.) ; 171 . 40 {S. terifiixiaie) ? 
616.84 {S'- muscorim) ; from Dsutsche samJTslung von 
Mikroorgariismenn uM Kellkuituren (DSH; G-armany) DSM 2842(5 
thermapMlum} ; DSM 2695 (S*. lignicola) . The invention also 

10 encompasses any mrxanc nucisotide seauence, and the protein 
encoded therelry, which protein retains at least about an 
80%., preferably afocait 85%, and siost preferably at least 
about 90-95% hcfmoiogy with che amino acid sequence depicted 
in Figure 1, and which qualitatively retains the laccase 

IB activity of the seqiaence described herein. Useful variants 
within the catagories defined above incliide, for exasiple, 
ones in which conser\''ative amino acid substltistions have 
been made, which substitutions do not significantly affect 
the activity of the protein. By conservative substitution is 

20 meant that amino acids of the same class my be substituted 
by any other of that class. For exaaple, the nonpolar 
aliphatic residues Ala. Val, Leu, and lie ffiay be 
interchanged, as siay foe the basic residues Lys and Arg, ox- 
the acidic residues Asp and GXu, Sirailarly , Ser and Thr are 

25 oonservative substitutions for each other, as are Asn and 
Gin. It will be apparent to the skilled artisan that such 
substitutions can he made outside the regions critical to 
the function of the molecule and still result in an active 
mzyae. Retention of the desired activity can readily be 

30 determined by conducting a standard asts oxidation method, 
such as is described in the present examples. 

The protein can be used in number of different 
industrial processes. These processes include 
polymerization of lignin, both Kraft and lignosuifates, in 
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solution, in order to produce a lignin with a. higher 
miecular weight, A neutral/alkaline laccase is a 
particular advantage in that Kraft iignin is more soluble at 
higher pHs, Such methods are described in, for s:-carspie, a in 
5 et al., Holzforschancf 45(6^ : 467-468, 1991; US Patent Jfe., 
4,432,921; BP 0 275 544; PCT/DK93/00217, 1992. Laccase is 
also useful in the copolymexi^&tion of lignin with low 
molecular weight compounds, such as is described in Appi. 
Microbiol. Biotechnca. Ml'- 760-767. 

10 The laccase of the present invention can also be used 

for is-situ dapolymerlKation of lignix^ in Eraft pulp, 
thereby producing a pulp with louver lignin content. This 
use of iaccass is an improvement over the current use of 
chlorine tor depolyrneriKation of lignin, which leads co the 

IS production of ch'lorinated aromatic conrpounds, which are an 
environmentally undesirable by-product of paper mills. Such 
uses are described in, for exsrspie, Current opinion in 
Biotechnology 3; 261-266, 1992; 3, Eiotschnol. ai; 333-339, 
1S92; Hiroi et al., Svensk papperstidning 1; 162-166, 1976, 

20 Since the environiaent in a paper mill is typically alkaline, 
the present laccase is more useful for this purpose than 
other known laccases, which function best under acidic 
conditions. 

Oxidation of dyes or dye precursors and other 
25 chromophoric compounds leads to decolorization of the 

compounds, Laccase can be used for this purpose, which can 
be particularly advantageous in a situation in which a d-ye 
transfer between fabrics is undesirable, e.g,, in the 
textile industry and in the detergent industry. Methods for 
30 dye transfer inhibition and dye oxidation can be found in WO 
92/01406? m 92/18683; BP 04S583S? Calvo, Mededelingen van 
da Faculteit Landboiiw-wetenschappen/Rij iksuni vers iter. 
Gent .15.: 1565-1567, 1991; Tsujino et ai., J. Soc. Chem. 12 J 
273-282, 1991, Use of laccase in oxidation of dye precursors 



-15- 



wo 9smm 



for hair dyeing is disclosed in U,S. Patent No, 3,251,742, 
tha contents of Which are incorporated herein by refersnce. 

The present laccase can also be used for the 
polymerisation or oxidation of phenolic compoxinds present in 
5 ii Quids, An exairiple of such utility is the treatment of 
juices, such as apple juice, so that the laccass will 
accelerate a precipitation of the phenolic compounds 
present in the jiiice, thereby producing a more stable juice, 
. Such applications have been describeji in Stuts, Fruit 
10 processing Till, 248-252, 1993? Maier at al,, Dt, 

LabensmitteX-rindschan 86(51 : 137-142, 1990; Dietrich at 
ai., Fluss. Obst 57,(2) : 67-73, 1990. 

Laccases such as the ScytBlidium laccass are also 
useful in soil detoocif ication (Hannipieri et al., J. 
iS Eayiron. Qaal. IjQ.: 510-517,1991; Dec and Boliag, Arch. 
Environ, Contara. Toxicol. 11: 543-550, 1990). 

The inyention is further illustratsd by the 
following non-limiting examples. 

20 

3:,, igQm£m.m,..^£:n!a:?-;m g^?^ 

A. m.TEKlM.S AND I'lSTHODS 

X> im , , .Sk t mc t ion , . . and ayhr iaia;s,t;.ion asmlx&la 

2S Total callular DNA is extracted from fungal cells of 

Scyfcaiidiuss: tb&rmophila strain E421 groivi-i 24 hours in 25 irI 
of YSG medium {0.5% yeast extract, 2% glucose) using the 
follov^ing protocol: Mycelia are collected by filti-ation 
through Miracloth {Calbiochem) and %v'ashed once ^vith 25 ml of 
30 TE buffer. Excess bnffer is drained from the mycelia which 
are sufosequently frozen in liquid nitrogen. Frozen mycelia 
are ground to a fine powder in an electric coffee 
grinder, and the powder added to 20 ml. of te buffer and 5 ml 
of 20% SDS iX'i/v) in a disposeifoie plastic centrifuge tube. 
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The mixture is gently inverted ssverai times to ensure 
mixirig, and extracted tv/ice with an squal volume of 
phenol :chloro£on?i;isoamYl alcohol (25:24:1). Sodiusri acetate 
{3M solution) is added to give a final concentration of 0.3 
s M and the nucleic acids are precipitated with 2 . 5 volumes of 
ice cold ethaaol, The tubes are cantriSuged at 15,000 x g 
tot 30 miftutes and tha pellet is aliowsd to air-dw for 30 
minutes before resuspendiKg in 0.5 ml of TE buffer, DHase- 
free ribonuclease A is added, to a concentration of lOOpg/mi 

xe and the mixture is incubated at 37 *C for 30 minutes, 

Protainase K (20Ciig/mi) is added and each tube is incubated 
an additional one hour at 37 'C. Finally, each sample is 
extracted twice with phenol ; chioroformj isoawl alcohol 
before precipitating the DtSh with sodium acetate and 

15 ethanol. XMk pellets are dried under vacuum, resuspended in 
?E buffer, and stored at 4*C. 

Total cellular mih samples are analysed by Soutfasrn 
hybridisjation, Approxiiaately 5,Ug of Dim is digested with 
Sco&X and fractionated by size on a 1% agarose gel. The gel 

20 is photographed under short wavelength UV and soaked for 15 
minutes in 0.5 H SaOH, 1,5 M mcl followed by 15 minutes in 
1 M Tris~HCl, pH 8, 1,5 M NaCl, DMA in the gel is 
transferred onto 2eta~Frobe'^'* hybridisacion meirisrane {BioRad 
Laboratories) by capillaiY blotting in 20 X SSPE {R. 

2S Davis et al.. Advanced Bacterial Genetics, a Manual for 
Genetic Engineering. Cold Spring Harbor Bress. 1980) 
Membranes are baked for 2 hours at 80 'C under vacuus and 
soaked for 2 hours in the followrng hybridization buffer at 
45 *C with gentle agitation: SX BSPE, 35% formamide Iv/v) , 

30 0.3% SCS, 200|ig/ml denatured and sheared salmon te,<3tes mA. 
The laccase-specif ic probe fragment (approx. 1.5 kfo) 
sncoding the 5 ■-portion of the i¥, crassa led gene is 
aa^plif ied frosa M. crassa genomic DH?v using standard PCR 
conditions (Perkin-Elmer Cetus, Erae:ri.":/ills, Ck) with the 
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foiicwing paiir of primers: for'ward primer, 5' 
CGAGACTCSATAACTGGerTGG 3 ' ; reverse primer , 5 ' 
ACGGCGCATTGTCAGGGAAGT 3'. The amplified DSA segment is 
first cloned inco a TA-cloning veccor (invicrogen, inc., San 
5 Diego, CA) , then purified by agarose gel electrophoresis 
followi:ng digestion with, B'coRX, The purified probe fragsseat 
is radiolabeled hy nick translation with a[32p] dCTF{Amersham) 

and added to the hybridisation buffer at an activity of 
approximately 1 x lO* cpm per ml of buffer. The ssixture is 

10 incubated overnight at 45 'C in a shaking water bath. 

Following incubation, the fflemfc'ranes are v;ashed once in 0,2 X 
SSPE with 0.1% SDS at 45 'C followed by two washes in 0.2 }l 
SSPE{no SI>S) at the same temperature. The membranes are 
allowed to dry on paper t;ov;elg for 15 niinntes, then wrapped 

iS in Saran Wrap^ and e>:posed to x-ray fiiiri overnight at ~?0*C 
with intensifying screens (Kodak) , 

2, mm Libraries and Identification of Laccase -CXaneH 
Geiioiaic DMA libraries are constructed in the 

bacteriophage cloning vector (J.A.Sorge, in Vectors, 

20 A Sur\?ey of Molecular Cloning vectors and Their 'Jses, 
Rodrigues at al., eds, pp. 43-60, Butterworths , Soston, 
198S), Briefly, total cellular im is partially digested 
with Sau3A and sis:e- fractionated on lovz-melting point 
agarose gels, DKA fragments raigratiiig between 9kb and 23 kb 

2S are excised and eluted trom. the gel using S-agarase (Mew 
England Bio labs, BeTerly m.) . The eluted Dm fi-agments are 

ligated v?ith SaKiHI-cleaved and dephospbosylated X-S^JBL4 

vector arms, and the ligation mixtures are packaged using 
comiRerciai packaging extracts (Stratageiie, LaJolla, CAK 
30 The packaged DMA libraries are plated and amplified on 
Escherichia coli KS02 cells. Approximately 10, 000-20, 000 
plactues from each libra^-y are screened by plaqise- 
hybridization with the radiolabeled leal DNA fragtaent using 
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the condicions descrifosd above. Plaques wbicli giA^e 
hi-bridisation signals with the probe are purified Uvics on 
E. call K802 cells, and DNA from the corresponding phag^ is 
purified from high titer lysates using a Qiagen Lait-bda 
5 ki£(Qiagen, Inc., Chatsworth, CA} . 
3, analysis Q,:L.x^a^x,aa&.■^ai5m& 

Restriction mappins of iaccase clones is done using 
standard methods (Lev/in, Genes. 2d ed,, Wiley & Sons, 1985, 
Mew York) . DNA secjtiencing is done with an Applied 

10 Biosystems Model 373A automated DNA Sequencer {Applied 

Biosystem.? , inc.. Foster City, CA) using the primer walking 
technique with dye-terminator chemistry (H. Giesecke et ai. , 
<T. Virol . Methods IE: 47-60, 1992). Oligonucleotide 
seauenciag primers are synthesized on an Applied Biosystems 

IS i»del 394 DKm/RJ^A Synthesizer, 

B. RESULTS AND DISCUSSION 

1-. Xdentifieation of La co as^^ Q gne Bem^xiQ^ 

Total cellular DNA samples are prepared froT!-: the 
20 species Meurospora. crasBa, Botr^rtis cinerea, axid 

Scytalidiim. Aliguots of these DMA preparations are 
digested with BairMi and fractionated by agarose gel 
eiectrophoresis . DMA in the gel is blotted to a Seta-Probe^' 
sseabrane filter (BioRad Laboratories, Hercules, CA) and 
25 psrobed under conditions of mild stringency with a 

radiolabeled fragment encoding a portion of the H. crassa 
led gene, as described above. Laccase-specif ic sequences 
are detected in the genomes of S, thermophilum and the n, 
crasBa control, but not in the S. cinerea genomic Dm with 
30 this probe. 

Z..f.....Qls-nim and cha r ac^trj^ri nation . a| :...^ £ ytali4ium 
th^rmoDhila Lac c as © fStlw QeT)e . 

The therittopbllum Iaccase gene is isolated using 
plague h^i'-bridization to screen the genomic DKA library made 



in X-EMBL4 , The library contains approximately 250,000 

independent clones before amplification, and 12,000 plagues 
ai-e screened by .hybridisation with a radiolabeled crassa 
laccase gene fragment as described above. Nine plaques are 
s identified which hybridise strongly to the probe. DHA is 
isolated from four of these clones and analyssiS by 
restrict ion irapping. All four contain a 3kb SasnHI f ragiETsejit 
that is originally identified in southern blotting with 
genoittio DMA as described above. This fragment is isolated 

10 from one clone and inserted into a pBliiescript 

vector (Stratagene Cloning Systems, La Jolla, CA) . However, 
Dm seqtience analysis indicates that only a portion cf the 
gene is located on this segment, consequently, a 6 kb xtiGi 
fragment which contains the entire iccS gene is satK;Ioned 

IS into pBXuescript to derive the plasmxd pShlhS, A 

restriction map of the 6 kb insert in this plasmid is sho\m 
in Figure 3 . The nucleic acid sequence is showi in Figure X 
and SEQ ID MO: 1. The deduced amino acid sequence of StL is 
obtained on the basis of amino acid sequence homology with 

20 crassa laccase. StL shares approximately 58% amino acid 
sequence identity with NcL, and this sequence similarity is 
highest aiaong those arainc residues that are involved in the 
formation of the active site copper center . StL, like HcL 
appears to be synthesiaed as a preproenEyaie (€16 amino acids 

as with a 21 amino acid signal peptide and a propeptide of 24 
amino acids) . Hov-j-ever, since the aisino terminal sequence of 
the aiature StL protein is not yet determined, the exact 
length of the propeptide is not certain. There are five 
potential sites for H- linked giycosylation in StL. & 

30 potential terminal processing signal with homology to M, 
crassa laccase also exists in StL (Asp-Ser~Gly-Leu*Lysss4} 
which may result in the proteolytic removal of the last 
seven amino acids from the primary translation product. 
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The presence of four small introns (S3, 58. 55 and 65 
nucleotides) is deterirdned b\'- comparing the open i^eadinc 
frames within ths coding region of IccS to the prijsar^? 
stTOCture of McL. ExclndlBg these intervening segiiences, 
5 the coding region contains 60.8% G+C. The base corsposition 
of IcaS reflects a bias for codons endixig in G or C. 

ix, gxpREggTgy?,„GE garmLiDjm lat^mm m ^spbegillu^ 

10 A. HATEBIALS MID METHODS 

Escheriahia coli JMlOl iMessing et al., Haci . Acids Rss, 
9;309-32X, 1981) is used as a host for construction and 
routine propagation of iaccasa expression vectors in this 
15 study. Fungal hosts for laccase eKpression included the 
Aspergillus niyer strain Bo~l, as well as a uridine- 

requiring tpyrCs) rautant of the a-artiylase-deficient 

Aspergilliw orF^ae strain Ho\*B104. 
2 Flip giTiids 

20 PiasmliS pSHThS is a pBluescript (Stratagene Cloning 

Systems, ijaJolla, CA) derivative which contains a Skfo .¥j!Ol 
fragment of S- thennophiliim DHA encoding StL, Plasmid 
pToC68i:wo 91/17243) contains t&e A, orys-as TM;A~aHfi.'las5e 
proifiotar and A. niger glaA terminator, and pToC9G{?^0 

25 91/17243) carries the A, nidulans arnds gene. 

c;on^tr\ 5ction...;Qf...Laccaa.fe...Ex0 r£aMon...¥s-.ctor:a.... 
The construction strategy for the laccase expression 
vector pShThlS is outlined in Figure 2, The promoter 
directing transcription of the laccase gene is obtained from 

30 the A. ory^zae a-amylase (TAKA-amylase) gene (Christensen et 

ai., sapra) , and terminator from the A. niger gl&A 
CglucoaRjylase) terminator region. The exprsssion vector is 
constructed as follows. A 60 basapair synthetic DMA linker. 



5 ' ^GASATOaAOXCTTCTrcAmATJWSCC'^^ 3 * 

S including the region from start codon to an Apal site, is 
inserted into iihol- and .Apal -digested pBluescriptSK- 
(Stratag®ne> LsJoXla, CA) to produce an intersediste tsxjaed 
pShThll.S. This vector is digested x*?ith 4pal and ABp'llZ and 
ligated with a 662 base pair Apal-AspllB fragssens: encoding a 

10 portion of StL from pSM'hS, generatiiig a second intermediata 
called pShThl3.1. An Xfcal site is introduced imiriadiately 
do^v■Bstream of the stop codon using pShThS as a template for a 
PCE reaction with the following primers : forward : 
5 ' GTCATOAACAATGACCT 3 * ; reverse t 

15 S • AGAGAGTCTK^ATTAAACMiTCCGCCCAACTAC3 ' , The amplified fragment 
is digested with Msil and Xbal and subcioned into puCSlS to 
created the intermediate called pShTM2.8. The pshThl2,8 
vector is digested with iScoRI and Asp718 and ligatad with a 
700 base pair EcoKl-AspllB fragasent from pShThlS . 1 to generate 

20 pShThlS.l to generate pShThX3.2, lui 800 base pair /<?«iI~Asp718 
fragment containing the final portion of the laccase coding 
region is obtained from pShThS and inserted into A*siX~ and 
Asp7 IS -cleaved pSbThi3.2 to give pSbThl4. Lastly, the 2.2 kb 
laccasa coding region in pShThl4 is removed by cleavage with 

25 XhoJ and Xb&J and inserted between the Jiliol and Xijal sites of 
PTOC68 to generate the expression vector pShThlS. 

Methods for co-transformation of A.^pergiIlu0 strains are 
a© described in Christensen %t al.. supra. For introduction 
30 of the laccase expression vectors into A. oryz&e 

HowB 104 pyrC, equal aaouats (approximately 5 jig each) of 
laccase expression vector and pPi^rG, which harbors the cloned 
A. nidulans pyrG gme, are used. Pro trophic (Pyr*) 
transformants are selected on MspBrgilluB ittinimal medintR 



mowiands and Turner, Mol. Gen. Genet. 126: 201-216, 19731, 
and the transformants are screened for the ability to produce 
laccase on minimal medium containing X laH 2, 2 ' -azii^obis (3~ 
ethyifoenzthiazolinesuXfonic acid) CASTS 1 . Cells which secrete 
S active laccass oxidize the ABTS, producing a green halo 
surroimdiag the colony. A, .niffsr Bo-1 protopiascs are co- 
trans formed using egusl aitiounts (approximately 5\ig each) o£ 
laccase expression vector and pToC90 which contains the A- 
nidulms amdS (acetamidase) gene {Hynes st al., Mol. Cell 

10 Sioi. 1: 1430-1439. 1983. MdS* trans foanaaants are selected on 
CoYe minimal raedium (Cove, Biocbiir., Biophys. Acta 113 1 51-56, 
1966) with 1% glucose as the carbon source and acetaside as 
the sole nitrogen source and screened for laccase expression 
on Cove msdiuai with 1 Mi abts, 

15 ,5 „ . M^ly g ia^jsg., ..fcaagas e - ?rgduc ing Tranal jsmaoLs 

Transformants which produce laccase activicy on agar 
places are purified twice through conidiospores and spore 
suspensions in sterile 0.01% lVeen-80 are sp.ad€ from each. The 
density of spores in each suspension is estimated 

20 spectrcjphotometricaliy ( Asss tm) . Approximately 0 . S absorbance 
units of spores are used to inoculate 25 ml of ASS*04 or MY50 
medium in 125 lal plastic flasks. The cultures are incubated 
at 37 'C with vigorous aeration {approximately 200 rpa) for 
four to five days. Culture broths are harvested by 

25 centrifugation and the amount of laccase activity in the 

supernatant is determined upAm syringaidaKine as a substrate. 
Briefly, 800 pi of assay buffer (25 im sodium acetate, pH 5.5. 
40 \m CUS04) is mixed v;ith 20 |li of culture supernatant and SO 
p,i of 0.28 mM syringaldazine stock solution (Sigma cheBiical 

30 Co., St. Louis, MO) in 50% ethanol. The absorbauce at 530 mtj 
is aieasured over time in a Genesys 5 W~vis spectrophotometer 
(Milton-Roy) . die laccase unitCLACO) is defined as the amount 
of enzyme which oxidises one jmoie of substrate per minute at 
room teisperature , SDS -poly aery iasmde gel 
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electrophoresis (BKOE) is done using precast 10-27% gradieat 
gels from Kfovex.(Saii Diego, CAi , Protein bands are developed, 
using Coomassie Eriiliant Blua (SigiBa) . 

S B.SESDLTS DISCUSSION 

The expression vector pShThlS is used in conjunction with 
pPyrG U. nidulanB pyrG) or pToC90 CA. nidulajj^f asjdS) pXasmids 
to generate M. ory^zas and .4. niger co~transfomants which 

10 express StL, As showxi in Table 1, the nuirter of iaccase- 

producing co-fcransformants obtained in A. oryzae EowBiOlpyre 
is small {3.7% of Vyr* trans forwaats) compared to the number 
obtained in A, niger Bo-i using amdS seiection (71,5% of AmdS-*- 
transformaiits) . It is unkno\,m whether this is due to a.n 

IS abnormally low ca-traBsformation{i,e. , integration; tr-eqisency 
or extremely low expression or laccase degradation in isany A. 
oryzae transf ormants . Expression levels of StL range from 
about 50mg/l in shake flasks ami i~2g/l in a ferrasator* 

20 

A. M;i.T£RIAI..S AW) IsiETHODS 

25 Chemicals used as buffers and snbstrates are cosamercial 

products of at least reagent grade. Cfai-oinatography is 
perforiaed on either a Phaxinacia FPLC, Spectroscopic assays 
are conducted on either a spectrophotometer (Shifflad^u PClSO) or 
a jsicroplate reader {Molecular Devices) . Britton & 

30 Robinson (B&R) buffers are prepared according to the protocol 
described in Quelle, Biochemisches Taschesribuch , R.M, Raven, 
11, Teil, S.93 n. 102, 1964. 

.^,„„„F.$rment-as:-iog 
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A 1 mi aliquot cf a spore suspension of Aspergillus 
oryz&e transformant HowBl04~pSl:iThl5-2 (approjcimately 10» 
spores/ml) is added asepticaily to a 500 mi shake flask 
containing 100 ml of sceriie shake flask mediuss (maitoss:, 
5 SOg/1; MgS0^.?H30, 2g/i; KHaPOs, lOg/i; 2g/l; CaCij-SHsO 

0.5 g/1; Citric acid, 2g/i; yeast extract, iOg/i; trace 
jastalgrsnS:04.7Hp, 14.3 g/1; CuSO^'SKsO, 2.5 g/1; MCls.SHsO, 

0.5 g/1; FeS0ft-?H20, 13.8 g/1, MnS04-H20, 8,5 ci&ric acid, 

3,0 g/l], 0.5 mi/1; urea, 2g/l, laads with tap water and 

10 adjusted to pH 6,0 before autoclaving) , and incubated at 37 "C 
on a rotary shaker at 200 rpm for IS hours. 50 isl of this 
culture is aseptically transferred to a 3 liter fermentor 
containing 1.8 liters of the fermentor media {HgSO^-VH^O, 2g/l; 
KH2PO4. 2g/l; citric acid 4g/lj K2SO4, 3g/l; CaClj • SH^O, 2g/I; 

15 trace metals, 0 ,5 ml/1? piurorsic aatifcam, 1ml /I) . The 

fermentor temperature is maintained at 34 "C by the circulation 
of cooling water through the fermentor jacket. Sterile air is 
sparged thi'ough the ferEtancor at a rate of l.S liter /min 
Clv/v/sR) . The agitation rata is mainfcaiaed between 600 and 

20 1300 rpm at approximately the minimum lew! raguired to 

maintain the dissolved o^c^gen level in the culture above 20%. 
Sterile feed (Hucriose 725[maitose syrup 1 . 225 g/l; urea, 30 
g/1; yeast extract, 15 g/1; pluronic antifoam, 1.5 mi/1, made 
up with distilled water and autoclaved) is added to the 

2S fermentor by use of a peristaltic puntp. The feed rate profile 
durisg the ferme.ntatioa is as foilov,'s; 30 g of feed is added 
initially before inoculation? 0-24 h, 2 g/1 h; 24-48 h, 4 g/1 
h? 48h-and, 6 g/1. 

Copper (in the form of CuCl^, CuS04 or other soluble salt) 

30 hs made as a dOOX stock in water or a suitable buffer, filter 
sterilized and added aseptically to the tank to a final level 
of 0.5 mM. 
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Samples far enzyme activity decermination are wichsSrawn 
and filtered through Kiraclofch to remove irj'celia. These 
samples are assayed for laccase activity by the LAC-J assay 
described above » Laccase activity is found to increase 
s continuously during the course of the fermentation, with a 
value of approxiraateiy 3.S LACtJ/Kii achieved after 115 houris in 
the f ermentatioii containing excess copper. At a specific 
activity of 1,9, LACU/mg, this corresponds to over 1.8 g/1 
. recoBibinant laccase expressed by this trans formant . 

^0 l.» m^mtig....Mu^. 

Laccase activity is determined by syringaldasine 
oxidation at 30 'C in a 1-cm quarts cuvette, 60|ii 
syringaldazine stock solution (0.28 s^M in 50% ethanol} and 20 
p.1 sample are laixed with 0.8 ml preheated buffer solution. 

iS The oxidation is monitored at 530iisi over 5 minutss. The 

activity is expressed as gstole substrate oicidised per minute, 
B&R buffers with various pHs are used. The activity unit is 
referred to here as 'SOU* . A buffer of 25 m sodium acetate, 
40 pM. CUSO4, pH 5.5, is also used to detexitdne tha activity, 

20 v»'hich is referred to as LACU, as defined abo^^e. 2,2'- 
azinobis { 3 -ethylbenzo thiazoiiaae - 6 - sulfonic acid) (abtS) 
oxidation assays are done using 0.4 ir>S ABTS, BStR buffer, pE 
4,1, at room teiRperature by monitoring AA405. An ABTS oxidase 
activity overlay assay is performed by potiring cooled ABTS- 

2S agarose (0.05 g ABTS, 1 g agarose, 50 ml e^O, heated to 

dissolve agarose) over a native- ief gel and incubating at room 
te^;perature. Thermostability analysis is performed using 
samples that have -3 pt enzyme pre incubated for one hour in 
B&R buffer, at pH 2,7, 6.1, and 9.0, and various tessperatures . 
30 Samples are assayed after a 44 -fold dilution into b & r 
buffer, pH 4.1, at room temperature. 

3 , Pi.iri£icatipi:; frof^ ^...Lerpentor broth 

1.2 liters of chee.se-cloth filtered broth (pH 7,9, 13 mSS 
is filtered through Whatiaan #2 filter paper and concentrated 
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on a Spiral Concentrator {Andcoa) with a SIYIOO membrane 
imCOilOQ] to 200 ml. The concentra.te is adjusted to 0,86 mS 
by diluting it in water and reconcent raced on SlYlOC to 324 
ml, The washed and concentrated broth has a dense greenish 
5 color , 

The broth is frozen ovornight at -20 *C, thawed the next 
day (without any loss of activity) and loaded onto a 
Sspharose XK.26 coiurrin (120 ml), preegullibrated v/ith 10 MM 
Tris, pH 7.7, 0'.9 mS . The bi-ae laccase tend is elutsd during 

10 a linear gradient with 2 M HaCi . 

Pooled laccase tractions (44 ml], dialysed in 3.5 liters 
of 10 tm KaAc, pH S,5, 0.8 mS at 4*C overnight, 3.re loaded 
onto a Mono-Q 16/10 (40 ml), preeauilibrsted with 10 sa^J MIS, 
pH 5.3, 0.8 ms. The laccase eluted during a linear gradient 

15 with 1 M HaCl shows apparent hosaogsneity on SDS-page. 

i-i ftnalyi.ig....ol; aauno, .a,cid...g. oj; it ent „ ?4>d w~t .e..mii2us 

N~terminal sequencing is performed on an ABX 47 6A 
sequencer; and total amino acid analysis, from which the 
extinction coefficient of laccase is determined, is performed 
20 on a HP iiminoQuant instrument. 

B. RESULTS MID DISCUSSION 

1,. puritxoation 

Froin 1200 ml feriaexitor broth, about 0.6g of laccaae ax:® 
25 isolated, Initial concentration using a membrane with M'v'CO of 
100 kDa removes significant ajtiounts of brovvii material and 
SBtall contaniinant proteins. The low affinity of the laccase 
toward Q-Sepharose matrix equilibrated with 10 sm Trls, pii 
7*7, facilitates its separation from other impurities. The 
30 enriched fractions are further purified biy Mono-Q at pH 5.3. 
Although it has a pi of 5,1, the laccase migrates slowly on 
Mono-Q and is separatsd frora impurities during the washing by 
10 KiM MES, pH 5.3. An overall 15 -fold purification and a 
recover^' of 60% are achieved. 
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2 , Chgsr^^,fc,g!,r;,i^^,t;i:.<ai> 

The purified laccase shows a of 75-80 kDa on SDS-PSiOE. 
difference between the w^i derived from DfJA seq^jence (63 
tea) and fche observed mi is attributabie to glycosylation, 
5 Mative IBF shows 3 bands near pi of about 5.1, whicn are 
active iii ABTS overlay assay. 

Directly sequencing the N-tersinus of the purifiscl 
laccase from samples eifcher in desalted solution or on PVDF 
10 mej53braiie ara unsuccessful. This result suggests a blocked 
terminus, likei^^ a pyroglutamate site based on the gene 
sequence . 

The spectrum of the blue laccase has absorption maxima at 
276 and 6D2 xs&t with AbBa$o/Abseo(s==23 aiid AbS33cs-''-^ss8a=2,. 1 , The 

IS extinction, coefficient determined by aiaino acid analysis is 
1,9 i/{g*cm) . 

The activity is tested by using either syringaldazine or 
ABTS as substrates. EJipressed as per Absaso or per mg, the 

laccase has a value of 2.2 or 4,2 units for sou at pK 7, 
20 respectively. 

The pH profiles of laccase activity has optiraal pa of 7 

and 4, for syrxngaldaExne and hms oKldation, 

respectively (Figure 4). TheristDStability analysis at three pHs 

is shown in Figure 5. The laccase is more stable at neutral 
25 to alkaliiie pH than at acidic pH. Thermoactivation is also 

observed in neutral -alkaline pH range. 

30 The £ollo\<j'ing biological material has been deposited 

i.mder the terms of the Budapest Treaty with the Agricultural 
Research Service Patent Culture Collection, Northern Regional 
Research Center, 181S University Street, Peoria, Illinoi.s, 
61604 and given the following accession number. 
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£, coli JMlOl cont&inii^g 
pShThl-5 



NPJIL. 8-21262 
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i B } LOC ATI 05-J ! 3 4 9 4 1 1 

(Si LOCATIOK: 503.. S59 

m LOCATION: S32.,6S6 

m} LOCATION: 17 3 9,, 1804 
(h) NAMS/KBYs CDS 

;B) LOCATXOH; join (106.. 343, 412,, 501, 560,. 631, S87..i?38, 

180 S. .2194) 

SK^fJENCB DBSCRIPTIOK': SSQ X» NO: It 

CTCAJkTTTAa hThCmShKQ ATCGCAI^CA ATCCAC3CCTA SACT<}CACAA TaSTTCI'GCA 60 

COACCaTCGC AOCCTSCCA AmO'KyiTAA TAACGGNCTA ATACC ATG AAG CSC TTC 217 

Met Lys Arg Phe 
1 

r?C MT AGC CTT CTG C'iT CTC GCA GGG CTC CTC ,V^C TCA CCO OCC 16S 

Phe lie Asa S®i: Leu Leu Leu Leu Ala Giy L.eu Leu Asn Brnt Qly Ala 
5 10 IS 20 

CTC GCG OCT COS TCT kCA CAT CCC MSA TCA AAC CCC GAC ATA CTG CIT 213 
Leu Ala Ala Pro Ser Thr His Pro Arg Sex Asn Pro Asp II® Leu Lsu 
25 30 3S 

GAA #\SA aAT *3AC CAC TCC CTT ACQ TC'S CS» C.^^A G^^l* AOC TGT C?vT TCT 2S1 
Clu km &sp Asp His Ser Leu «I3Mr Ssr Arg Gin Sly S«r Cys His Ser 
40 4S 50 

CCA AOC AAC CSC GCC TGT TGG TGC TCT GGC TOX; GAT ATC AAC ACa SAT 309 
»ro Ser ksn Aro Ala Cys Trp Cys Ser <31y Phi* Asp Ii« Aso Thr Asp 
SS 60 65 

TAT GAG ACC AAG ACT CCA AAC ACC GGA GT£5 OTG CGG COG STTAGTATCC 358 
T^/r Olu Tht- Lys Thr Pro Asa Thr Giy Val Val Arg Arg 
70 7S 80 

CAAGTTACGT TTGACCAAGA AAl'QGACiSTO AAGTCTGCTQ ACTCTCCCOC TAG 411 

TAC ACC TFT GAT ATC ACC GAA GTC GAC AAC CGC CCC GCT CCC GAT CSQ 459 
Tft Tkx fhe Asp lie Iftir Qlu Val Asp Asn Arg Pro <5ly Pro Asp <31y 

85 90 

GTC ATC A?tG GAG AAG CTC ATG CTT ATC AAC GAC AAA CTC CTG GTASS 596 
Val 11® Lvs Gl« Lys Leu Met Leu Il« As« Asp Lys Law Leu 
100 105 110 

G'l'CCTCTCOA ACGCCT«CGT CTGCCACACA GCOTAAAAC^' AACGAACCGC TAG SS9 

■S3C CCG ACA GTC TTC OCA AAC TGG GGC GAC ACC ATC GAG OTO., ACC GTC 607 
Sly Pro Thr ¥al Phe Ala hsn Trp Gly Asp Thr 11a Giu Val Thr Val 
115 120 125 



AAC AAC CAC CTG ACA ACC AAC GGA GTAAOCGTTC GGACACAAAG CCCA0CAACC 661 
His 
130 



Asn Asn His Leti Arg Itsr Asa Qly 

13 S 



3 X 



TAS&CACAC? CAACTiSACCA hQTMS &CC ATC CAC 

Tte Ssr lie His 



TQG CAC QQC TVO CkC CSuA 
Trp His <5iy h&u Hi* SX» 
140 145 



716 



AAA ACC AAC TAC CAC GAC <5<3C GCC AAC OOC GTG ACC GAG CCC 
Lyss Gly Thr Asa T^t His As» Glv Ala Asn Giv Val Thr Giu Cvs Pi-o 
150 ISS ISO 



ATC CC« CCC OCT 03C TCC C«A GTC -TAC AQC TK CGA (3CG 
He Pro Pro Olv Gly B&r Arg Val Ti'r Sex: Pfie Arg 

170 



CGC CAA TA'!' 
Arg Oin Tv't" 
175 



8X2 



SGA AOS TCA TGO TAC CAC TCC CAC TIC TCC GCC C&G TAT GGC AAC GGC 
aiy Thr Ser 'Isp IVr His S&t His Ph-* Ssi: Ala Sla 'iVr Sly Asn <31y 
ISO igs les 



8€0 



073 AGC GGC GCC ATC CAS ATC AAC GGA CCC GCC TCC CTG CCC TAC GAC 
Val S®r Glv Ala He Gin He Asn Gly Pro Ala Ser L«!.s Pro iVr Asp 
I3S 200 205 



200 



AT-C GAC CTC GGC GTC CFC CCG CTC CAG QAC ItJG TAC TAC RAQ TCC GCC 
11© Asp Lau Gly V&l Lsu Pi'o L«u JJaa Asp Trp Ty~ -^Xa 
2ia 215 220 ' 225 
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GAC CAO CTC GTC ATC GAG ACC CTG GCC AAG GGC AAC OCT COS TTC AGC 
A0p Gin L«u Val II® Glw Thr X.«u Xaa Lvs Glv Asn Ala Fro Phs S®r 
230 235 240 



X0&4 



GAC mC GTC CTC A'TC 



^.C GGC ACC GCA 



Asp AsD Val h^vt Ila Asii Olv Thr Ala 
245 250 



AAG CAC 
Lys His 



CCC ACC 
Pro Tiu- 



ACT GGC GAA 
TXtr Gly Olu 
2SS 



ms2 



GGG GAS TAC GCC ATC GTS AAG CTC AOC CCG GGC AAA CGC CAT CGC CTG 
GXy <31u IVr Ala lis Val hys Ley Thr Pro Asp Lys kvg Hiss hvg Lsu 
26C 265 270 
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COS CTC ATC AAC ATS TCG CTG GAG AAC CAC TTC CAG GTC TCG CTG GCG 
Arc? Leu lis Asn htet Ssr Val Gl« Afsn His Pfoa Gin Val Ser Ls'^ AX« 
275 280 285 



AAG CAC ACC ATG ACG GTC ATC GCG GCQ GAC ATG GTC CCC GTC AAC GCC 
Lys His Thr Met Thr Val Il« AXa Ala Asp mt Val Pro Val Asn Ala 
230 25S 300 3eS 



A'S-G ACC GTC GAC AGC CTG TTT Al^ GCC GNC GGG CAG COG TAT GAT GTT 
Met Thr Val Asp Ssr Leu Ph& Met Ala Val Gly Gin Arg Tyr Asp Val 
310 315 320 
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ACC ATC GAC GCG AGC CAG GCG GTG C^2G AAT TAC TGG TTC AAC ATC ACC 
Thir He Asp Ala Ssr Girt Ala V»X Glv Asft Tyr Trp Phe Asti lie Thr 
325 330 335 



1292 



TTT GGA GCG CAG CAG AAG TGC GGC TTC TCG CAC AAT CCG GCG CCG GCA 
Phe GXy Gly GIei Gin hvB Cys Glv Fha Gar His Asn fro Ala Pro Ala 
340 34S 350 



O40 



GC 



ATC TTT CGC TAC GAG GGC OCT CCT 



Ala lift 
355 



Arg 1.yr QIm Glv Ala Pro 
360 



GAC GCT 
Asp Ala 



CKl CCG 
Leu Pro 
365 



ACG GAT CCT 
TJir Asp Pro 



iS-SC GCT GCG CCA AAG GAT CAT CAG TC-C C'TG GAC ACT TTO GAT CTT TCA 
Gly Ala Ala Pro Lys Asp His Gin Cvs Leu Asp Thr Leu Asp Leu S®r 
370 375 ' 380 385 



CCG GTG GTi3 CMV AAG AfiC GTG CCG GTT GAC GGG TTC GTC AAA GAG CCT 
Pro Val Val Gin Lys Asn Val Pro Val Asp Gly Phe Val Lys Glu Pro 
390 3§5 400 



1484 
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SGC ?iCG CTS ceo &TG ACQ CTC CAT GIT G&C CAG OCC GCG OCT CCA 

Oly Asfi Tisr Leu »ro Val Thr Leu His V&l Asp Giii Ala Ala Aia ?>rD 
405 410 41S 

CAC CTC TOT ACQ TGG AAG ATC AAC OGG AOC OCT GCG OAC GTG CAC TOG 1580 
His Vai S'h« Xte- Trp Lvs ile Asn Oly S®r Ala. Ala A«s> Val Asp Trg> 
42S 42S 430 

GAC ACC CO" SI'S el's GAG TAT CTC A'.KS A&C A\T GAC C'?G TCT ASC ATT 1638 
A«» Ara Pro V&i Leu Qlu Tyx Vul Met Asn Asn Asp L«u Ser Ser lis 
43S 440 445 

ceo <3TC AAG AAC AAC ATT C1S3 AiSG QTO OAC OCA GTC AAC OAC iGG ACG 1676 
Pro V«.l Avs Asn Assn lie V&l Arg V&l Asp Gly Val Asn Glu Trp Thr 

450 * 45S 460 46b 

TAC TGC CT-C GTC iSAA A^lC CAC CCG GAG GGC CGC CTC AGT TTG CCG CAT 1724 
Ti^r Trp Leu Val Clu Asn Asp Pro aiu Gly Acg L^aii Ssr Leu Pro Els 
470 ■ 475 470 

CCG ATO CAT CTA CAC CTAAGTCACA TCCCCCACTA CCATTCGGAA TCACCACCAG 1179 
Fro mt His L®u His 
475 

GI'ACTGACAC CCTCCTCCTC AATAO OGA CAC GAT TTC TTT GTC CTA CGC CGC 1831 

Gly His Asp Phe Phe Val L-su Gly Arg 
480 485 

TCC CCC GAC GTC TCG CCC GAT TCA GAA ACC CGC TTC GTC TTT OAC COS 1879 
Sfir »vo 4sp Val Ser iPra Asp Ser Glu *Ihr Arq Phe Yai Phe Asp Pro 
490 495 SOO 

GCC GTC OAC CTC CCC C3T CTO CGC GGh CAC AAC CCC OTC CCC CCC GAC ^ iS27 

Ala Val Asp Leu Pro Arsf Leu Arg Gly Ms Asn Pro Val Arg Arg Asp 
SOS 510 SIS 

CTC ACC ATG CTT CCC GCG CGC GCC TCG CTG CTO CTG GCC TTC CGC ACG l$f$ 
Val Thr H>st Leu Pro Ala Ara Olu Trp Leu ,L«u Lsu Ala Ph« Arg Thr 

520 525 530 

GAC AAC COS GGC GCO TGG TTC TTC CAC TGC CAC ATC GCG TGR CAC GTC 2023 
As» Asti wro Gly Ala Trp Law Phe His Cys His II® AI» Trp His V^l 
535 ■ 540 545 

TCS GGC CCG TPA ACC GTC GAC TTT CTG GAG CGG CCG CAC GAG CTC COC 2S71 
Ser Glv Civ LsiU Ser Val Asp Phe Leu Clu Arg Pro Asp Clu Leu Arg 
550 ' " SS5 560 565 

•3GG CAC CTG ACG OCA GAO AGC AAG GCO GAG TTG GAG CGT OTT TCT CGC 2119 
Glv Gla Lsu Thr Gly Glu Ssr Lys Ala Glu Leu Glu Arg Val Cys Arg 
570 S7S SSO 

GAG TGG AAG GAT TOO GAO OCG AAC AOC CCG CAT GOG AAG ATC GAT TCG 2167 
Olu Tro Lvs Asp Trp Oiu Ala Lys Ser Pro His Gly Lys Il«i Asp Ser 
- " S8S "590 595 

G(X3^ TTG AAG CAO CGG CGA TGG OAT GCO TGAGGTAGTT GCGCGGATTG 2214 
Oly L®U Lvs Qln Arg Arg Trp Asp Ala 
SOO SOS 

TTTAACAD3T AGTQGGTAAG GTiXSGGGCGG GTTTGTTTCC CCTTTTCAGG 0GTT3QGGTG 22? 4 

CGGATGCTGG TCATCCGGCA AACGGCTCTA CAACTGGTOT CAAX&GACTA ATATAGAGTG 2334 

ATCAAAGAAC TOAGGTTCTG AmCAOGCGT OGAAGTCGCG TTGT;3ACXCC CTTTGCCATC 2394 

TTOOaMGTS TGaCTCMCA TTGI^TTCAG GTITGCTCAG GCJ-TGATJ-JTCG AfvCTSACGTK 2454 
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{2) XMFORM^il-lQK FOR SEQ ID NO: 2: 

{A) LEMGTH: 51.6 amirso aoids 

{B) TYFS? aiairto acid 

iC) STBM^EZmSB'. sirtcsl© 

{B) TOE'OLOGY; linear 

{ii) J«»LEC0LE TYPS: protein 

CviJ ORJCXHAL SOOHCE; 

ih) ommimt Soytalidxu» thsrmopbilviB'i 

Sxi) SSStWCE DESCRXFTIOK: SEQ ID NO; 2; 

Mat Lys Arsf Ph« Phe Xi* Asn S«r Leu I,«u h&u Leu A1& Giy Leu heu 
I S 10 15 

Asn Ssr aiy hla Leu Ai^s, Als. Pro Ssr Thr His Pro Arg Ssr Asn Pro 
20 25 30 

Asp 22« Lssu Leu Slu Arg Asp Asp His Ser Lsu Tfer Ser Arg Sin Glv 

3S 40 45 

S«r Cy« His g«r Pro S«r Ask Ajc-q Ala Cys Trp Cvs Ser Glv Phe Asp 
50 55 " 60 



Xi« AsR l^hr Asp IVr Qiii Tr.r hys Thr Pro Asis Thr Giy Val Val Arq 

65 70 7S SO 

Ar-g lyr Thr Phe Asp lie Tbr Glu Val Asp Asn Ar<5 Pro Giy Pro Asp 
BB . 90 95 

Sly Vssl He Lys Qlu Lyss Leu Met Leu Xle Aen Asp Lvs Leu Leu Giy 
100 lOS " 120 

Pro Thr Val Ph© Ala A«n tep Giy Asp Thr XX© Olu Val Thr VaX Asn 

115 120 125 

Asn His Leu Arq Thr Asb C-ly TJa: Sar lie His Trp His Giy Leu His 
13S 135 140 

Siri Lys Giy Thr Asn l^^r Kis Asp Glv Ala Asn Giy Val Thr Glu C^'s 
145 150 155 160 

Pro 21© Pro Pro GIv Giy S«r Arg Val Tyr Ser Phe Arg Ala Arg Glu 
16S 270 175 

Tjs'-r Oly Thr Ser Tro Tyr His Ser His Ehe Ser Ala ain Tyr Giy Asc 
180 iSS 190 

Giy Val Ser Giy Ala 21® Sin II® Ask Giy Pro Ala S®r Leu Pro IVr 
im 200 20S 

Asp lie Asp Leu Giy V«l Leu Pro Law Cln Asp Trp T^T Tyr Lys mx 
210 215 220 

Ala Asp Gin Leu Val lie Glu Thr Leu Ala Lys Giy Asa Ala Pro Phe 
225 230 235 240 

Ser Asp Asri Val Leu He Asri Giy Thr Ala Lys His Fro Thr ?hr Giy 
245 .250 2SS 

Glu Cly Glu Tyr Ala lie Val Lys Leu Thr Pro Asp Lys Arg His Arg 

260 265 270 
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hm Arg itm lie Mn mt ser V&l Glu Asn His Phe sin Vai Ssr Lea 

27S 280 28S 

Ala U's His Thr Mat Thr Val lie Ala Ala Asp Met V&l Pro Val Asn 
29(i 295 300 

Ma K*t Thr Val Asp S«i- Leu J»h® M®t Ala Xaa Oly Sin Arg ^^yr Ajsp 
30S 310 315 320 

Val Thr lie Asp Ala Sar Gin Ala Val Gly Asn T/v Trp Phe Asn tl<s 
325 330 33S 

Thr Phs (Sly Gly Glrs Gin Lys Cys Oly Phe Bex Hia Asn Fro Ala Pro 
340 345 350 

Ala Ala 1X9, mi® Arg oyir OItt Oly Ala Pro Asp Leu Pro Thr Asp 

3SS 360 3S5 

Pro aiv Ma Aia Pro Lvs Ast> His Gin cys Leu Asp Thr Leu Asp Leu 

370 375 3 SO 

Ssr Pro Val Val Gin Lvs Asn Val Pro Val Assp <3ly Pb« Val Lys Glu 
38S 390 39S 400 

Pro Glv AsR Thr Leu Pro Val Thr Leu His Val Asp GIji Ala Aim Ala 
405 410 415 

Pro His Val Phe Thr Tra Lys lie Asr Gly Ser Ala Ala Asp v'»l Asp 
420 ' 425 430 

Tris Asp Arg Pro Val Leu Olu TiT Vel Met Asn Asn Asp Leu 8m Ser 
435 440 445 

II® Pro Val Lys Asri Asn II© Val Arg Val Asp Gly Val Asn, Oiu Trp 
4S0 4SS 460 

Thr IVr Txx> L«-a Val Glu Asa Asp Pro Glu Gly Arg X»«« Ser Leu Pro 

4S5 470 47S 480 

His Pro H«t Kis L^u His Gly His Asp Phe Ph® Val Leu Gly Arg S®r 
485, 490 455 

Pro Asp Val Ser Pro Aso Ser Glu Thr Arg Ph© Val Phe Asp Pro Aia 
500 SOS SIO 

Val Asp L«u Pre Art? Leu Arg Gly His Asn Pro Val Arg Arg Asp Val 
515 S20 525 

Thr mt Leu Pre Ala Arg Gly l^rp L«u Leu Leu Ala Phe Arg T-hr Asp 
530 535 540 

Asrt Pro Gly Ala Trp Leu Phs His Cys His lie Ala Trp His V«l Ssr 
S4S S50 S55 560 

Gly Glv Lsii Ser V&l hsp Ph® L«u Glu Arg Fro Asp Glu Leu Gly 
ESS 570 575 

GXk Lsu Thr Gly Glu g«r Lvs Ala Glu Leu Glu Arg Val Cys Arg Glu 
5S0 585 590 

Trp Lys As» Trp Glu Ala Lvs S«r Pro His Gly Lys He Asp Ser Gly 
555 600 SOS 

I^u Lyjs Gin Arg Arg Trp Asp Ala 
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¥ihat we claim is; 

1 > A DSsi'A coastruct containing a seqiieace encoding a 
Scyfcalidiui!? laccase . 

s 

2-, The construct of Claxrti. 1 v/hich comprises a segiience 
encoding a Scytalidium theusophilim laccase, 

3 - The construct of Claim 1 which comprises a sequence 
10 encoding the amino acid sequence depicted in SEQ ID MO. 2. 

4. The construct cf Claim 1, which comprises the micleic acid 

geqiisnce depicted in SEQ ID Is-O. 1. 

IS 5 . The construct of Claim 1 , which comprises the nucleic acid 
sequence contained in HRR.L E~21262, 

6. A substantially pure Scytalidium laccase ensyEne^ 

20 ? . The enzyme of Claim S which is a Scytalidium chermaphllam 
laccase, 

5, The enzyme of Claim 6 which coisprlses the segiiencs 
depicted in SEQ id no. 2, or a sequence with at least aSsout 

25 80% homology thereto, 

9. A recoffitoinant vector coir^risitig a DHA construct containing 
a seguanca encoding a Scytalidiim laccase. 

30 10, The vector of Claim 9 in which the sequence is operably 
linked to a promoter segxi&nce. 

11, The vector of Claim 10 in which the proraoter is a fungal 
or yeast promoter. 
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12, The vector of Claim 11 in which the promoter is the taka 
araylase promoter of Aspergillus oxyzae, 

s 13. The vector of Claim 11 in which the promoter is the 
glucoajayXase {glaA/} proirioter of Aspergillus niger or 
Aspergillus ax«?amori . 

14. The vector or Claim 9 which also comprises ai selectable 
xo marker . 

15, The vector of Claim 14 in which the selectable marker is 

selected, from the group consisting at amdS, oy.r(?, arcra. siaB, 
sC, and hygB. 

IS 

IS, The vector o£ Ciaiss 14 ia which the solcctable sharker is 
the aiadS markei' of Aspergillus nidulans or .Aspergillus ozyzAe, 
or the pyrG marker of As;pergilius r'idtjlafjs, ^,spers?iiiiis Kig-er, 
M.sperglllus awmsGx-i, or 3^spex^gillus oryzae. 

20 

17. The vector o£ Claim 14 which comprises both the TAO, 
amylase pronjoter of AspergilluB ary^zae and the a!?5dS or pyrG 
marker of i^spergilius nidulans or Aspergillus oxy^ae. 

25 18. A recombinant host, cell com.prising a heterologous DNA 
construct containing a nucleic acid seipience encoding a 
scytalidium laccase. 

19. The host cell of Claim 18 which is a fimgal call. 

30 

20. The host cell of Claim 19 which is an Asper^^illm cell. 

21. The host cell of Claim 18 in which the construct is 

integrated into the host cell genome. 
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22. The host cell of Claim IS in %v'hicb the conBtruct is 
coBtainad on a vector. 

S 23 . The host ceil of claiai 18 which comprises a construct 
coBtainiiig a sequence encoding the amino acid sequence 
depicted in SBQ ID HO, 2. 

24. A method for obtaining a laccase ensyme which comprises 
10 culttjrlng a host ceil comprising a rm construct containing a 

sequence encoding a Scytalidium Xaccase ensyitie, tinder 
conditions conducive to cKpression of the enzyme, and 

rsco^'ering the BuzyvnB tram, the culture. 

15 25, A scycalidhm enzyme obtained by the method of Claim 7A, 

26. A method for polymerising a lignin or lignosulfate 
substrate in solution v;hicb coinprises contacting the substrate 
with a scytalidium laccase, 

20 

27. h method for in situ depolymeri nation in Kraft pulp which 
comprises contacting the pulp with a Sc^^talidium laccase. 

28. A method for oxidising dyes or dye precursors which 

25 comprises contacting the d-ye or dye precursor with a 
Soytalidium laccase. 

29. h method of polymerizing or oxidizing a phenolic compound 
which cosiprises contacting the phenolic compound with a 

30 saytalMium laccase. 



I CTGAAnTAAATACMSGMGATCGCATTCMTCCAGCCTAGACTGCACMTGGITCTGCA SO 



61 CGACCGTCGCACACCTGCCAAIAGTGTTAATMCGGCCTAATACC ATG AAG CGC TI 116 

1 K R f 4 

117 C TIC ATI AAT AGC CTT CTG CTT CTC GCA GGG CTC CTC AAC TCA GG 151 

4 F I H S I I L I A G I L N S G 19 

162 G GCC CTC GCG GCT CCG TCI ACA CAT CCC AGA TCA MC CCC GAG AT 206 

19 A L A A P S T H P R S N P D ! 34 

20? A CTG CTT GAA AGA GAT GAC CAC TCC CTT ACG ICT CGG CAA GGT AG 251 

34 I I E R 0 D H S I T S R Q G S 49 

252 C TGI CAT TCT CCA PGQ AAC CGC GCC TGT IGG TGC TCT GGG TIC GA 286 

49 C H S P S :N R- A C i C S G F 0 64 

297 I ATC AAC ACG GAT TAT GAG ACC AAG ACT CCA AAC ACC GGA GTG GT 341 

64 I N T 0 Y £ T K T P N I G V V 79 

342 G CGG CGG GTfAGTATCCCAAGTTACGlTTGACCAAGAAATGGACGTGAAGTGTGCTG 398 

79 R R 81 

399 ACTGTCCCGCTAG TaC ACC TTT GAT ATC ACC GAA GTC GAC AAC CGC CC 446 

SI Y T F D ! T E V D N R P 12 

447 C GGT CCC GAT GGG GTC ATC AAG CMS AAG CTC ATG CTT ATC AAC GA 491 

12 G P 0 G V i K E K I M I I N D 2? 

432 C AAA CTC CTG G GTAGGGTCCTCTCGAACGCCTGCGTCTGCXACACACCGTAAAACT 54? 

27 K L I 5^ 

548 AAmAACCGCTAG GC CCG ACA GTC TTC GCA AAC TGG GGC GAC ACC ATC 595 

31 p T V F A N W G 0 1 I 11 

595 GAG GIG ACC GTC AAC AAC CAC CTG AGA ACC AAC GG GTMGCGTTOXA 643 

11 £ V T V N N H I R T M 23 

644 CACAAAGCCCMSCAACCTAGACACACTCAACTGACCAAGTAG A ACC TCC ATC CAC 698 

n T S I H 4 
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699 m CAC GGC TIG CAC CM AM GGA ACC MC TAC CAC GAC QGC GCC ?43 

4 W H 0 I H Q K G T M Y H D G A 19 

?44 MC GGC GIG ACC GAG TGT CCC ATC CCG CCC GGT OGC TCC CGA GTC 7S8 

19 N G V T E C. P I P P G G S R V 34 

789 lAC AGC TIC CGA GCG CCC CAA TAT GGA ACG TCA TGG TAC CAC TCC 833 

M Y S F R A R Q Y G T S W Y H S 49 

834 CAC TTC TCC GCC CAG TAT GGC AAC GGC GIG AGC GGC GCG ATC CAG 878 

49 H F S A Q Y G M G V S G A 1 Q §4 

m ATC AAC GGA CCC GCC TCC CIG CCC TAC GAC ATC GAC CTC GGC GTC 923 

64 I N G P A S I P Y D I D I G V 79 

§24 CTC CCG CTG CAG GAC IGG TAC TAC MG ICC GCC GAC CAS CTC GTC 968 

79 I P I 0 D W Y Y K S A D Q L V §4 

969 ATC GAG ACC CTG GCC AAG GGC AAC GCI CCG TTC AGC GAC AAC GTC 1013 

94 I E T L A K G N A P F S D N V 109 

1014 CIC ATC AAC GGC ACC GCA AAG CAC CCC ACC ACT GGC GAA GGG GAG 1058 

109 I I N G T A K H P T T G E G £ 124 

1058 TAC GCC ATC GTG AAG CTC ACC CCG GGC AAA CGC CAT CGC CTG m 1103 

124 Y A i V K L 1 P G K R H R 1 R 133 

1104 CTC ATC MC ATG TCG GTG GAG AAC CAC TTC CAG GTC M CTG GCG 1148 

139 I i N y S ¥ E N H F Q V S I A 154 

1 149 MG CAC ACC AIG ACG GTC ATC GCG Gffi GAC ATG GTC CXC GTC MC 1193 

154 KHtyiVlAAOyVPVN 169 

1134 GCC ATG ACC GTC GAC AGC CTG TIT ATG GCX GC GGG CAG Cm TAT 1238 

16S A M f V 0 S L F M A X G Q H Y 184 

1239 GA! GTT ACC ATC GAC GCG AGC CAG GCG GTG GG6 MT TAC TGG TTC 1283 

184 0 V T 1 0 A S 0 A V G H Y W F 193 

1284 MC ATC ACC ITT GGA GGG CM5 CAG MG TGC GGC TTC IX CAC Ml 1328 

199 ^ ! T F G G Q Q K C G F S H H 214 



2/8 

SUiSTiTUTE SHEET plE 26) 



wo nmm 



1329 CCG GCG CCG GCA GCC ATC TIT CGC TAG GAG GGC GCT CCT GAC GCT 1373 

214 ? A P A A I F R Y E G A P D A 223 

13?4 m CCG GAT CCI GGC GCT GCG CCA AAG GAT CAT CAG TGC CIG 1418 

229 I P T 0 P G A A P K 0 H Q C L 244 

1419 GAC ACT TTG GAT CTT TCA CCG GIG GTG CAA AAG AAC GTG CCG GTT 1463 

244 0 T L 0 I S P V V Q K V P V 259 

1484 GAC GGG TIC GTC AAA GAG CCT GSC AAI ACG CTG CCG GTG m CTC 1508 

259 0 G r V K E P G T L P V T I 274 

1509 CAT GTT GAC CAG GCC GCG GCT CCA CAC GTG TTT ACG TGG m ATC 1553 

274 H V D Q A A A P H ¥ F T W K I 283 

1554 AAC GGG AGC GCT GCG GAC GTG GAC TGG GAC AGG CCG GTG CTG GAG 1598 

289 M G S A A D V 0 W D R P V I E 304 

1599 TAT GTC ATG AAC AAT GAC CTG TCT AGC ATT CCG GTC mmm 1045 

304 Y V y N N 0 I S S I P ¥ K H N 319 

1844 ATT GTG AGG GTG GAC GGA GTC AAC GAG TGG AGG TAC TGG CTC GTC 1888 

319 1 V R V 0 a V N E f T Y W L V 334 

1889 GAA AAC GAC CCG GAG GGC CGC CTC m TTG CCG CAT CCG ATG CAT 1733 

334 £ N D P E G R I S I P H P y H 349 

1734 CTA CAC GTAAGTCACATCaXCACTACCATTCGGAATGACCACCAGGTACTGACACC 1730 

349 L H 551 

1791 CTCCTCCTCMTAG GGA CAC GAT TTC TTT GTC CTA GGC CGC TCC GCC G 1838 

m G H D F F V, I G R S P 12 

1838 AC GTC TCG CCC GAT TCA GAA ACC CGC TTC GIC TTT GAC CCG GCC G 1^3 

12 0 V S P D S £ T R F V F 0 P A 27 

1884 TC GAC CTC CCC CGT CIG CGC GGA CAG AAC CCC GTC CGG CGC GAC G 1925 

2? V D I P I? L R G H N P V R R 0 42 

1929 TC ACC ATG CTT CCC GCG CGC GGC TGG CTG CTG CTG GCC TTC CGC A 1973 

42 V T M I P A R C W I I I A F R 57 
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1974 CG m AAC CCS GGC GCG TGC ITG TIC CAC TGC m ATC CCG TGf? C 2018 

57 T 0 H P G A W I r H C H I A X 72 

2019 AC GIG TCG GGC GGG TTA AGC GTC GAC TIT CTG GAG CGG CCG GAC G 2063 

72 H V S G G L S V 0 F L £ R P D 8? 

20S4 m CTG CGC GCG CAG CTG ACG GGA GAG AGC AAG GCG GAG TTG GAG C 210§ 

87 £ I R G 0 L T G E S K A E L E 102 

21QS GT GTT TGT CGC GAG TGG AAG GAT TGG GAG GCG AAG AGC CCG CAT G 2153 

102 R V C R £ W K 0 W £ A K S P H 117 

2154 m AAG ATC GAT TCG GGC TTG AAG CAG CGG CGA TGG GAT GCG TGA G 219S 

11? G K I 0 S G I K 0 R R W 0 A » 131 

2199 GIAGTTGGGCGGATIGTTTAACACGTAGTGGGTAAGGTTGGGGCGGGTTTGTTTGGCGTT 2258 



131 ^31 

2259 TTCAGGGGTTGGGGTGCGGATGCTGGTCATCCGGGAAACGGCTCTACAACTGGTGTCAAT 2318 

131 ^31 

2319 AGACTAATAlJ^AGTGATCAAAGAACTGAGGTTCTGAAAGAGGCGTQGAAGTCGCaTTGT 2378 

131 ^31 

2379 GACTCCCTTTGCCATGTTGOGAAGTGTGGCICAACATTGTGTTCAGGTITGCTCAGGGTG 2438 

131 131 

243S AINTCGAACTGACGTNTTGATGAGGGTTATTGC. . . . . 2471 

131 ^31 
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